Background: Venous ulcers have considerable human and financial costs. Bandage compression is the most common type of compression used to enhance healing. Ulcer size, pretreatment ulcer duration, and the consistency of pressure (depending on the competency of the bandager) significantly affect the healing process. Summary: The aim of this review is to explore whether the variability in bandagerelated baselines contributes to the differences in healing outcomes among the empirical studies designed to evaluate bandage compression for treating venous ulcers in community and outpatient settings. Two health-related databases were searched: Medline and the Cumulative Index for Nursing and Allied Health. A manual search of relevant reviews and publication reference lists was also undertaken. Fourteen studies were included. The most common study design was a randomized controlled trial. Only one study used a cohort design. This review focused on two variables: healing rate and healing time. The ulcer features, the consistency of the pressure level, and the competency of the bandager were the main factors within the reviewed studies that affect the baselines and healing outcomes. Key Messages: This integrative review confirms that the large variability in the baselines results from differences in the ulcer size, duration, competency level, and amount of pressure that led to differing healing outcomes. Future research designs need to pay attention to make the baselines consistent by ensuring that the ulcer size, duration, competency of the nurses, and level of compression are comparable and consistent within the studies' design.
Introduction
Venous leg ulcers (VLUs), defined as open skin lesions on the foot or leg, mostly occur between the ankles and the knees as a consequence of venous hypertension [1] . VLUs are the most common etiology of leg ulcers among the adult population. Globally, the prevalence rate of VLUs is 1% of the adults aged 18-64 years. About 5% of the adults > 65 years of age suffer from venous ulcers, and this number continues to rise due to the global ageing population [2, 3] .
VLUs typically present in a repeated cycle of ulceration, healing, and recurrence. VLUs can take months or years to heal or also remain unhealed [4, 5] . The 12-month recurrence rates between 18 and 28% [6, 7] . VLUs are the most common type of leg ulcer and accounting for almost 80% of all types of leg ulcers [1, 5, 8] . Significantly, up to 80% of the treatment and application of compressions for VLUs are performed in community and outpatient settings [9] [10] [11] .
Globally, VLUs present a tremendous cost burden for both patients and the healthcare system. However, the cost for treatment varies in different countries. For example, in the United Kingdom, the estimated annual cost of VLU treatment is GBP 941.1 million to treat approximately 300,000 patients [12] . In Australia, the annual cost of VLU treatment is estimated to be USD 784.66 million to treat 47,299 cases. In the United States, approximately USD 2.5 billion was spent to treat 6 million patients with VLU [13] [14] [15] . In the United Kingdom, Vowden and Vowden [16] estimated that GBP 1.69 million was spent on compression therapy and wound dressing, while a further GBP 3.08 million was spent on nurses' salaries who then spent more than 50% of their working time treating VLUs through compression therapy.
Bandage compression is the most common type of compression therapy when treating VLUs and it is routinely applied to aid venous hypertension and promote healing to increase the healing rate (HR) and shorten the healing time (HT). The three most common types of bandage compression have been known for centuries [17] .
Healing or closure of a VLU is defined as complete epithelialization without drainage or the need for a dressing over the closed ulceration, although venous compression would still be required [18, 19] . The average HT is 113 days (range 90-135) [20] . Healing outcomes are affected by many factors, which lead either to the positive promotion of healing outcomes or the negative delay of healing outcomes [21] .
Bandaging was the first approach used to provide compression to treat VLUs. However, the consistent pressure of bandaging has been a long-term problem. Healing outcomes were found to vary widely (HT = 40-138 days; HR = 51-93%) [18, 22, 23] . Studies have been unable to demonstrate the superiority of multi-layer bandage compression over other types [24, 25] . Therefore, previous findings of differences in healing outcomes have raised questions about whether the inconsistent baselines in the studies contributed to the variations in the healing outcomes.
This integrative review aims to explore whether the variability in the bandage-related baselines contributes to the differences in healing outcomes among the empirical studies designed to evaluate the effect of bandage compression for treating VLU in community and outpatient settings.
Methodology
The search was conducted using MEDLINE and Cumulative Index to Nursing and Allied Health Literature (CINAHL). The primary search terms were "compression therapy" and "venous leg ulcer." The search was restricted to peer-reviewed primary and empirical studies published in English in the field of human studies. The search was limited to studies published between 2002 and 2017 because quantitative studies prior to 2002 lacked methodological rigor and statistical precision, making it impossible to provide precise measurements of the effect of an intervention on a specific population [26] . A manual search of relevant reviews and publication reference lists was also conducted to reduce the risk of missing relevant papers.
The electronic and manual searches identified a total of 1,739 citations as of August 20, 2017 . The citations were imported to EndNote X3 ® (Thomson Reuters, New York, NY, USA). After removing 355 duplicate articles, the abstracts and titles of 1,384 articles were assessed for eligibility against the inclusion criteria. A further 1,335 studies were excluded after screening the abstracts and titles; therefore, 49 articles were reviewed. After the full texts of the 49 articles were reviewed, 35 were excluded, leaving14 articles that met the inclusion criteria and were included in the integrative review.
The remaining 14 peer-reviewed empirical studies were conducted using two types of research design: randomized controlled trial and cohort design. This review focuses on two major variables: HT and HR. Total HT is defined as the time required for the ulcer to heal completely. Table 1 provides an analytical summary of the 14 studies, comparing the different compression therapies.
Results
This integrative review initially aimed to determine the effectiveness (HR and HT) of bandage compression using stockings, Unna boot, and intermittent pneumatic compression. After relevant studies had been identified, however, data abstraction showed considerable variation in the sample size and reported effectiveness (n = 9-227; HT 45-112 days; HR 17-85%). The absence of a reliable foundation of the research rendered further comparison problematic. Accordingly, this review has focused only on variables reported for bandage compression as the ba- RCT, randomized controlled trial; IPC, intermittent pneumatic compression; SSB, short-stretch bandage; LSB, long-stretch bandage; 4-LB, four-layer bandage; 3-LB, three layer bandage; 2-L SSB, two-layer short-stretch bandage; 4-L SSB, four-layer short-stretch bandage; 4-L LSB, four-layer long-stretch bandage; 2-L LSB, tow-layer long-stretch bandage; 3-L stocking, three-layer stocking; Groups A, B, C, D included the participants who received stocking compression, bandage compression, Unna boot or IPC; n, total number of subjects; CI, confidence interval; MLB, multi-layer bandage; ITT, intent-to-treat; GP, general practice; O.P.C., outpatient clinics; Comm Nurs C, community nursing clinics; III, three. HR is defined as the number of completely healed ulcers divided by the total participants for each group multiplied by 100 in a specific period of time.
Challenging the Use of Bandage Compression sis for comparisons to determine the causes of the identified variations in HR and HT. Several factors might have contributed to the variability in the results for both HT and HR: (a) variation in ulcer size, (b) variation in the duration of ulcer pretreatment, and (c) variation in the consistent maintenance of bandaging pressure (compressions), the latter in turn due to varying skill levels among bandage applicators.
Discussion

Impact on HT
In this review, six types of bandage compression were studied in relation to HT outcome, including four-layer bandage (4-LB), short-stretch bandage (SSB) compression (without defining the number of layers), two-L SSB, four-L SSB, four-L long-stretch bandage (LSB), and two-L LSB. In the analysis of this review, important differences in the size and duration of the ulcers are the main source of the heterogeneity in the baselines, which in turn led to differences in the HT findings among the reviewed studies. Thus, the major limitation in the findings of the reviewed studies is the substantial heterogeneity itself among ulcer features (size and commencement duration). The inclusion of large ulcers with long durations in some of the reviewed studies and the inclusion of small ulcers with short durations in others is the most likely cause of the differences in the HT among the reviewed studies [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] . This result is in line with the observational study by Escaleira et al. [38] who included ulcers varying in size from large to small and of durations from short to long and found that this accounted for a significant variance in HTs in the study. However, this study by Escaleira et al. [37] is different from the reviewed studies because the medical dressings were applied before the bandage compression, which can contribute to positive HT findings. Small ulcers with short durations are more likely to heal, and their inclusion in the studies can shorten HT [38] .
The variability in the amount of the pressure due to differences in bandager competence is another main factor causing variability in baselines and the HT findings [39] [40] [41] . In the studies that review the competency of the applicators, the consistency of the applied pressure was confirmed as one of the main factors that underline the variability in the baselines and HTs of bandage studies of strength in most of the reviewed studies [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] . Highly competent applicators applied and maintained the most consistent pressure, which in turn shortened HT [27-31, 33, 34] . Conversely, in two studies, low-skilled applicators applied an inappropriate amount of pressure, which in turn caused a lengthy HT [32, 36] . It would be useful if future trials could collect data on the staff's skill level at baseline, and this information could be included as a covariate in the modelling of treatment effects.
Impact on HR
Similar issues affected baselines of the reviewed studies in relation to HR. Briefly, several authors reported that differences in the HRs are explained by the vast heterogeneity in the baselines due to the inclusion of ulcers with different sizes and of different duration [18, 19] . Our results confirm the above reports and show that the inclusion of ulcers of different sizes (large and short) and ulcers of different durations (short and long) contribute to severe heterogeneity in the baselines and differences in the HR among the reviewed bandages of four-LB, SSB compression, two-L SSB, four-L LSB, two-L LSB, and KTwo [12, 24, 27-30, 32, 34, 35, 42-44] . Again, this heterogeneity is still a significant limitation in the design of the current research, which needs to be addressed in future clinical studies. Furthermore, the same concern about competency of the bandager and consistent pressure exists for HR.
Implications for Research
The differences in baselines suggest that future research designs need to pay close attention to ulcer size and to pretreatment duration and consistency in the amount of pressure applied by skilled nurses. It is important that studies include small-sized ulcer sizes and ulcers of short duration and ensure that consistent pressure is applied and maintained. They should also ensure that these factors are similar and comparable among the studies that evaluate the effect of different types of bandages. This will enable meaningful comparisons of the effectiveness of different types of bandages to be made. This is important to build a strong body of evidence in this area and enable patients and health professionals to make informed choices. Future trials should assess the bandage application skills of participating nurses at the baseline to reduce the heterogeneity in skill based on different levels of training. This review highlights the need for future studies to evaluate whether training enhances the competency of the bandager to ensure that all participant bandagers have the same level of skill and apply comparable levels of compression.
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Limitations This integrative review has limitations. First, this review was limited to English language studies, which might have eliminated some relevant studies published in other languages. Second, only studies conducted in community and outpatient settings were included in this review. It could be valuable to extend this analysis for the hospital and home care setting.
Conclusion
This review sought to explore whether the baselines are inconsistent and contribute to discrepancies in HT and HR findings in the studies that examine the bandage compression for treating VLU. This review was limited to studies that used bandage compression as the first approach to provide compression to treat VLUs; scenarios where the application of the consistent pressure has been a long-term problem. Bandage compression is the most common form of compression therapy for treating VLU. This review shows that bandage compression studies reporting variable healing outcomes are the result of severe heterogeneity in baselines in relation to differences ulcer sizes and durations, different bandager experience levels, and the amount of pressure delivered. This variability and inconsistency in baselines limited the feasibility of effectively comparing the bandage studies themselves due to insufficient clinical evidence. Therefore, it is difficult to draw a definitive conclusion about the superiority of any specific compression therapy.
As noted above, the major identified gap in the current research is the heterogeneity of the baselines , which in turn affects the HT and HR findings and comparisons of effectiveness in the bandage studies. Thus, future clinical studies need to establish designs that have homogeneous and consistent baselines of clinical evidence. This requires the inclusion of comparable and similar sizes and durations of ulcers, levels of competency, and consistency of pressure. Such study designs should also build on the previous work in order to establish robust clinical evidence that can influence health care decisions regarding VLU treatment.
